Background: The purpose of this study was to identify risk factors for intensive nutritional intervention outcomes in elderly undernourished patients to help reduce the number of patients with prolonged hospital stay or without recuperation of previous activities of daily living and quality of life.
Introduction
Elderly individuals who are recuperating at their homes, nursing homes, or in long-term care facilities are often admitted to acute-care hospitals because of bone fractures, pneumonia, anorexia, and relapse of previous illnesses. Seriously ill patients, who require hospitalization or surgery, are admitted in acutecare hospitals, and the length of stay in this type of hospital is limited to approximately 2 weeks. Nutrition intervention in parallel with medical treatment is, thus, very important for successful acute medical care for elderly patients and their early discharge from the hospital after remission. Because undernutrition in elderly individuals is associated with a reduction in activities of daily living (ADLs) or quality of life (QOL), the incidence of complications, mortality rate [1] [2] [3] , and undernutrition in elderly patients is high (30-60%) in acute care wards [4] . In Japan, nutrition support teams (NSTs) that consist of professionals including a doctor and a registered dietitian, who provide intensive nutrition therapy for undernourished patients, are widespread. NSTs have been initiated with the development of total parenteral nutrition (TPN) by Dudrick et al in 1968 [5] . The effects of NST interventions have been reported [6] [7] [8] [9] [10] . For example, the interventions helped to improve nutrition assessment, therapy, and patients' nutrition status, decreased the number of complications caused by enteral or parenteral nutrition, shortened hospitalization, and reduced medical expenses.
We noted that NST contributes to medical therapy in acute-care hospitals as part of the comprehensive care provided for elderly individuals. We analyzed the characteristics of patients whose nutrition status did not improve following intensive nutrition therapy from an NST with the aim to help reduce the number of patients with prolonged hospital stay or without recuperation of previous ADLs and QOL because of undernutrition. Therefore, the purpose of this study was to prospectively identify non-successful factors (risk factors) associated with intensive nutritional intervention outcomes of an NST in elderly undernourished patients.
Materials and Methods

Participants
Registered dietitians in the hospital identified patients who met the following criteria (two or more of the factors): 1) Dietary intake ≤ 50.0%; 2) Serum albumin (Alb) ≤ 2.7 g/dL; and (3) Body mass index (BMI) ≤ 18.5 kg/m 2 . Terminally ill patients who were not clinically indicated for NST intervention, as determined by a primary care provider, were excluded. Patients clinically indicated for NST intervention, as determined by a primary care provider, were included. These groups comprised the total cohort of potential study participants.
In total, 389 patients who received NST intervention in Minami Osaka Hospital in Osaka City, Japan, from January 1, 2016 to July 31, 2018, were enrolled in the study. Patients who discontinued NST treatment because of hospital transfer or discharge owing to financial reasons before receiving a final NST evaluation (147 patients), those younger than 65 years (four patients), and those who received care from the NST for less than 4 days (eight patients) were excluded from the study. In total, 230 patients participated in the study. Subsequently, patients were classified into two groups based on NST intervention outcomes (the successful group and non-successful group) (Fig. 1) .
This study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee of Osaka City University (no. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
NST intervention outcomes
The NST chairman (doctor) finally determined the NST intervention outcomes, after meeting with the NST staff, by reference to objective parameters, including the energy fill rate to total energy expenditure (TEE) > 70.0% or serum Alb > 2.6 g/ dL. Severely undernourished patients whose nutrition status improved and those who did not require intensive nutritional care by the NST were classified under the successful group, while those whose nutrition status did not improve because of progressive disease or death were included in the non-successful group.
Characteristics of the participants
The clinical data, including sex, age, BMI, Charlson Comorbidity Index (CCI) score [11] , subjective global assessment (SGA) score, the presence/absence of dysphagia and bedsore, the duration of NST intervention, and the energy fill rate to TEE (%TEE), were analyzed.
BMI was calculated based on the patient's height and weight. The type and level of severity of comorbidities in the participants were evaluated using the CCI. We classified the participants into four groups based on the CCI score: low (0 point), medium (1 -2 points), high (3 -4 points), and very high (≥ 5 points). The SGA scores were comprehensively scored such as physical items, food intake, and laboratory data. We classified the participants with an SGA score of 0 as having normal nutritional condition; 1 -2 points, light malnutrition; 3 -4 points, moderate malnutrition; and 5 -10 points, severe malnutrition. An experienced speech therapist assessed the presence/absence of dysphagia. %TEE was calculated using the following formula: %TEE = (total energy intakes (kcal)/(basal metabolic rate (kcal) × activity factor × stress factor) × 100 [12] . Basal metabolic rate was calculated using a simple Japanese formula [13] : men: 14.1 × body weight (kg) + 620; women: 10.8 × body weight (kg) + 620.
Laboratory examinations
At the time of NST enrollment, we measured the level of Alb, total lymphocyte count (TLC), total cholesterol (T-Cho), Creactive protein (CRP), transthyretin (TTR), hemoglobin (Hb), [16] , and geriatric nutritional risk index (GNRI) scores [17] . The CONUT score was calculated using the Alb, TLC, and T-Cho levels. The PNI and GNRI scores were calculated using the following formulas: PNI = 10 × Alb (g/dL) + 0.005 × TLC (/µL) [16] ; GNRI = 1.489 × Alb (g/dL) × 10 + 41.7 × (body weight (kg)/ideal body weight (kg)) [17] .
Methods used to supply nutrients
The methods for supplying nutrients were classified into seven groups: TPN, peripheral parenteral nutrition (PPN), nasal feeding, gastric fistula (percutaneous endoscopic gastrostomy), regular texture diet (including therapeutic diet), oral supplementation, and dysphagia diet. Oral supplementation included nutrient-rich (carbohydrates, proteins, or trace elements) food, such as juice, ice cream, and jellies; protein-modified rice cracker or cookie; yogurt; or enteral nutrients. We documented the methods used for supplying nutrients to each patient at the time of NST enrollment.
Assessment of potential risk factors and determination of cut-off values
Prior to this study, we retrospectively collected data from patients treated in 2014 to predict NST intervention outcomes and identify the cut-off values of the extracted quantitative variable via an analysis of the receiver operating characteristic (ROC) curves. Factors, such as %TEE; Alb, TLC, CRP, and TTR levels; CONUT, PNI, and GNRI score; and the presence/absence of PPN, were significantly different between the successful and non-successful groups. An analysis of the ROC curves was performed to obtain the cut-off values of the quantitative variables other than the presence/absence of PPN, area under the curve (AUC), and 95% confidence interval (CI). 
Statistical analysis
Data were expressed as median (25th -75th percentile) or percentage (numbers). In the successful and non-successful groups, the quantitative variables were compared using the Mann-Whitney U test, and the categorical variables were compared using Fisher's exact test or Chi-square test.
Univariate and multivariate Cox proportional hazard analyses were performed to identify the risk factors associated with NST intervention outcomes and to obtain the crude and adjusted hazard ratio (HR) and 95% CI. Age; sex; BMI; CCI, SGA, CONUT, PNI, and GNRI scores; %TEE; Alb, TLC, CRP, and TTR levels; and the presence/absence of PPN were considered as potential risk factors. The quantitative variables were classified into two groups. Age, BMI, CCI, and SGA score were divided as follows: age ≥ 85 or < 85 years, BMI ≥ 18.5 or < 18.5 kg/m 2 , CCI ≥ 2 or < 2 points, and SGA score ≥ 3 or < 3 points. The cut-off values of CCI and SGA are shown as median. %TEE, Alb, TLC, CRP, and TTR levels and CONUT, PNI, and GNRI scores were classified based on the cut-off values.
In the multivariate Cox proportional hazard analysis, factors, such as age; sex; CCI, SGA, and GNRI scores; TLC and CRP levels; the presence/absence of PPN; and %TEE, were selected based on the results of the univariate Cox proportional hazard analysis. IBM ® SPSS ® Statistics 23 software (IBM Japan, Tokyo, Japan) was used for the analysis, except for the univariate and multivariate Cox proportional hazard analysis, which were performed with SAS 9.4 (SAS Institute Inc., Cary, NC, USA). A P value less than 0.05 was considered statistically significant.
Results
Characteristics of the participants
The characteristics of the participants at the time of NST enrollment are summarized in Table 1 . The percentage of men was significantly higher in the non-successful group than in the successful group. %TEE was significantly lower in the nonsuccessful group than in the successful group. The duration of NST intervention was significantly shorter in the non-successful group than in the successful group. Participants in both groups were extremely old. The median age of the successful group was 85.0 years, and that of the non-successful group was 84.0 years. Age, BMI, CCI and SGA scores, and the presence/ absence of dysphagia and bedsore were not significantly different between the two groups.
Laboratory examination results
The results of the laboratory examinations at the time of NST enrollment are shown in Table 2 . The Alb and TTR levels and PNI and GNRI scores were significantly lower in the nonsuccessful group than in the successful group. The CRP level was significantly higher in the non-successful group than in the successful group. The TLC, T-Cho, Hb, and TG levels and CONUT score were not significantly different between the two groups. 
Methods used to supply nutrients
at the time of NST enrollment. The rate of PPN was significantly higher in the non-successful group than in the successful group. The rates of TPN, nasal feeding, gastric fistula, regular texture diet, oral supplementation, and dysphagia diet were not significantly different between the two groups. Data are expressed as median (25th -75th percentile). The differences between the two groups were analyzed using the Mann-Whitney U test. Alb: albumin; TLC: total lymphocyte count; T-Cho: total cholesterol; CRP: C-reactive protein; TTR: transthyretin; Hb: hemoglobin; TG: triglyceride; CONUT: controlling nutritional status; PNI: Onodera's prognostic nutritional index; GNRI: geriatric nutritional risk index. Table 4 shows the results of the univariate and multivariate Cox proportional hazard analyses, which were performed to determine the risk factors associated with NST intervention outcomes. The unadjusted univariate Cox proportional hazard analysis suggested that %TEE; Alb, CRP, and TTR levels; GNRI score; and PPN were significantly associated with NST intervention outcomes, while SGA and PNI scores showed just a tendency for association. In the multivariate Cox proportional hazard analysis, which was adjusted for age; sex; CCI, SGA, and GNRI scores; %TEE, TLC and CRP levels; and PPN, the presence of PPN (HR: 1.80; 95% CI: 1.13 -2.88) was identified as an independent risk factor associated with NST intervention outcomes; moreover, %TEE < 66.0% (HR: 1.61; 95% CI: 0.98 -2.66) and GNRI score < 70.0 (HR: 1.54; 95% CI: 0.92 -2.56) tended to be negatively associated with NST intervention outcomes. Alb and TTR levels and PNI score were associated with NST intervention outcomes based on the univariate analysis. However, these factors had a significant correlation with GNRI score. Therefore, these factors were excluded from the multivariate Cox proportional hazard analysis to avoid collinearity. Age, sex, BMI, TLC level, and CCI, SGA and CONUT scores were not associated with NST intervention outcomes.
Results of the Cox proportional hazard analysis
Discussion
In our previous study, which included 101 elderly patients who received NST interventions from January 2015 to December 2015, CONUT score ≥ 8 was identified as an independent risk factor associated with NST intervention outcomes and the presence of PPN was secondly associated with NST intervention outcomes [18] . However, in this study, the presence of PPN was identified as an independent risk factor associated with NST intervention outcomes, and %TEE < 66.0% and GNRI score < 70.0 were secondly identified as risk factors.
The results of this study appear to be more valid than the results of our previous study, because the number of participants in this study was two times that of our previous study and time concept was considered in this study. PPN is primarily used when nutritional supply via oral or tube feeding is not sufficient, regardless of the intestine function. Therefore, the patients who received PPN at the time of NST enrollment had severe disease that prevented them from receiving adequate nutrients via oral or tube feeding. Moreover, the intensive and short-term nutritional care by the NST did not improve patients' nutritional status. In some previous studies, which focused on %TEE, nutritional management of patients was performed in the intensive care unit [19] [20] [21] , although the background of the individuals was different from that of the individuals in this study, such as disease condition, vital signs, and methods for supplying nutrients. %TEE or the energy intake was significantly associated with mortality or the length of hospital stay in previous studies. Consistent with this study, the previous study, which focused on the treatment of elderly undernourished patients in the general ward, showed that %TEE was associated with mortality within 30 days [22] . In the nutritional management, it is essential to attempt to fill %TEE. However, it is often difficult for elderly patients to increase their %TEE, because elderly individuals have decreased dietary intake or lapse into undernutrition because of physical, mental, and social factors [23] [24] [25] [26] [27] . The value of %TEE 66.0%, validity of which is shown in this study, would be a potential reference index in nutritional management for elderly patients.
Based on the original method, patients with GNRI score < 82.0 were considered to be extremely undernourished [17] . However, the cut-off value was 70.0, and validity was determined in this study. Therefore, elderly patients with GNRI score < 70.0 were considered to be extremely undernourished at the time of NST enrollment. Thus, the nutritional status of patients who were admitted in an acute-care hospital, where the length of stay is limited, did not improve. In addition, while the CO-NUT and PNI scores were calculated based on laboratory data only, the formula for calculating the GNRI score includes body weight, which is obtained via a physical examination. Increasing a patient's body weight over a short period is more challenging than improving laboratory test results, including Alb levels. For example, the supplemental oral feeding of enteral nutrients significantly increased the body weight of patients with dementia [28] . However, the duration of the intervention was 12 weeks (medium-term treatments). Thus, when the effect of nutritional intervention over a short period was predicted using the GNRI score, the results showed that it was difficult for patients with GNRI score < 70.0, who were extremely undernourished, to recover from their nutritional condition. In this study, at the time of NST enrollment, the presence of PPN, %TEE < 66.0% and GNRI score < 70.0 were considered independent risk factors associated with NST intervention outcomes in elderly undernourished individuals. The patients who exhibited these risk factors required some nutritional intervention. In almost all disease conditions, oral or tube feeding is highly prioritized compared to parenteral nutrition because it is widely accepted that "if the gut works, use it" [29] . The incidence of bacterial translocation or infectious complications caused by enteral nutrition is lower than that caused by parenteral nutrition [30, 31] . However, even after considering the risk factors, patients must receive adequate nutrients via parenteral nutrition, thus enhancing the recovery of elderly patients with PPN, %TEE < 66.0%, or GNRI score < 70.0 over a short period. In fact, the incidence of infection will not increase if adequate nutrients are provided via TPN [32] . Some nutrition care is also required for elderly individuals who are recuperating at their homes, nursing homes, or in long-term care facilities, so that they do not develop adverse conditions, which are the presence of PPN, %TEE < 66.0%, and GNRI score < 70.0, when they undergo emergency hospitalization.
This was a single-center study, which is a limitation of our study. Future multicenter studies with a prospective cohort must be performed in higher level hospitals in urban areas to validate the effects of the risk factors identified in the present study.
Conclusions
Our results showed that the presence of PPN, %TEE < 66.0%, and GNRI score < 70.0 are risk factors associated with NST intervention outcomes in elderly undernourished individuals. The patients who meet criteria, which are the presence of PPN, %TEE < 66.0%, and GNRI score < 70.0, will require new nutritional intervention, in addition to the nutrition therapy by a traditional NST. Elderly individuals should also receive some nutrition care because they have been recuperating at their home or in long-term care facilities, to avoid developing adverse conditions such as the presence of PPN, %TEE < 66.0%, and GNRI score < 70.0.
